Using high angular resolution ($0B25-0B05) Very Large Array (VLA) observations made at 3.6 cm, 1.3 cm, and 7 mm during the period 1991-2004, we report the detection of large proper motions in the components of the radio continuum jet associated with the high-mass young stellar object (YSO) HW2 in the star-forming region Cepheus A. The relative proper motions observed for the two main components of the outflow, moving away from the central source in nearly opposite directions, are of the order of 140 mas yr À1 , or $480 km s À1 at a distance of 725 pc. The proper motions observed in the northeast and southwest lobes are not completely antiparallel, and the central elongated source seems to be changing orientation. We discuss possible scenarios to account for these and other observed characteristics. We also report the detection of a 7 mm compact continuum condensation of emission near the center of the thermal radio continuum jet, which we propose as the location of the exciting star.
INTRODUCTION
Cepheus A is a very active star formation region, located at a distance of about 725 pc (Johnson 1957; Sargent 1977) and containing the second source in the sky ever noted to exhibit the phenomenon of bipolar molecular outflow ( Rodríguez et al. 1980 ). Subsequent observations showed that the CO outflow in this region is quite complex, having a quadrupolar or multipolar morphology and probably being powered by several YSOs (e.g., Bally & Lane 1990; Narayanan & Walker 1996) . Several of the multiple radio continuum sources detected in this region seem to have internal sources, while others appear to be shock-excited and to delineate the edges of high-density molecular cores seen in NH 3 (e.g., Garay et al. 1996; Torrelles et al. 1993 Torrelles et al. , 1998 Curiel et al. 2002; Martín-Pintado et al. 2005) . The main driver of this complex outflow seems to be a thermal radio jet (probably a B0.5 zeroage main sequence star; Hughes et al. 1995; Rodríguez et al. 1994 ), known as HW2, which is the brightest of the radio continuum sources detected in the region (HWobjects; Hughes & Wouterloot 1984) , and is elongated at centimeter wavelengths in the northeastsouthwest direction (position angle ½P:A: $ 45 ). A bipolar HCO + outflow is centered at the position of HW2 and is well aligned with the thermal radio jet (Gómez et al. 1999 ). The bolometric luminosity of this high-mass star-forming region is '2:5 ; 10 4 L (Evans et al. 1981) . Some of the radio continuum sources are associated with clusters of H 2 O, OH, and CH 3 OH masers (e.g., Lada et al. 1981; Cohen et al. 1984; Torrelles et al. 1996 Torrelles et al. , 1998 Torrelles et al. , 2001a Torrelles et al. , 2001b Minier et al. 2000; Gallimore et al. 2003; Niezurawska et al. 2004; Bartkiewicz et al. 2005) . In particular, the water masers associated with the HW2 radio jet are distributed in an elongated structure perpendicular to the jet, delineating possibly a circumstellar disk around this YSO , and magnetic fields between 100 and 500 mG have been measured in the central maser region (Vlemmings et al. 2006 ). In addition, recent subarcsecond Submillimeter Array (SMA) observations have revealed a flattened disklike structure in both dust and CH 3 CN line emission of about 1000 AU in size and coinciding with, but perpendicular to, the HW2 radio continuum jet (Patel et al. 2005) . Finally, millimeter observations, with an angular resolution of about 2 00 , have shown strong and unresolved dust emission associated with HW2, as well as weak compact emission associated with two other sources in this cluster of YSOs, suggesting that at least three of the continuum sources have circumstellar disks associated with them (Gibb et al. 2003; S. Curiel et al. 2006, in preparation) .
In this paper we report new subarcsecond radio continuum observations of this region, carried out with the VLA. We have complemented these new data with archival VLA data (x 2). We discuss the location of the high-mass protostar based on the 7 mm continuum observations (x 3.1). We found that the radio continuum jet has two main components that are moving away in opposite directions from the central source (x 3.2). In x 3.3 we discuss the physical properties of the radio continuum jet. We discuss the possibilities that the central source could be precessing and /or nutating, or that the central source itself could have proper motions (x 3.4). Finally, we present some remarks on HW2 in x 4 and summarize our main conclusions in x 5.
OBSERVATIONS
The new observations were carried out with the VLA of the National Radio Astronomy Observatory ( NRAO) 9 in the A 1 Instituto de Astronomía, Universidad Nacional Autónoma de México ( UNAM ),configuration at 3.6 and 1.3 cm during several epochs between 1999 and 2002 (see Table 1 ). These observations have an angular resolution of $0B25 and 0B08, at these two wavelengths, and resolve the Cepheus A HW2 radio continuum jet into two main outer elongated components and a central source. The observations were made in both circular polarizations, with an effective bandwidth of 100 MHz. The data were edited, calibrated, and imaged using the Astronomical Image Processing System (AIPS) software of the NRAO. We made cleaned images of the field, setting the ROBUST parameter of the AIPS task IMAGR to 0, to optimize the compromise between angular resolution and sensitivity. The synthesized beam dimensions and rms sensitivity of the multiepoch images, as well as the bootstrapped flux density of the respective phase calibrator, are listed in Table 1 . We have not used the 1.3 cm map taken in 1999 July 18 in the present discussion because it is very noisy and the two main peaks of the central source are only marginally detected. We have also compared these results with previous observations, using the 3.6 cm and 7 mm continuum data (Curiel et al. 2002) taken in 1991 July 7, 1996 December 21, and 2000 December 23, as well as the 1.3 cm data N. Patel et al. 2006, in preparation) taken in 1995 July 5 and 2004 October 12. Contour maps of the continuum emission at 3.6 cm, 1.3 cm, and 7 mm are shown in Figure 1 . All the data used in this paper were taken with the A configuration of the VLA, except for the 3.6 cm map taken in 2002, which was obtained with the VLA in the A configuration and the Pie Town link. The (u, v) data taken in coordinates B1950.0 were precessed to coordinates J2000.0 using the task UVFIX.
RESULTS AND DISCUSSION
The 3.6 cm maps (Fig. 1) resolve the Cepheus A HW2 radio continuum jet into a central source and two main outer components ( labeled NE and SW ). They are well aligned in the northeastsouthwest direction with a P.A. of '45
, delineating the orientation of the larger scale HCO + outflow. The outer condensations appear to be moving away from the central source in successive epochs (see x 3.2). The northeast and southwest condensations appear to be expanding as they move away from the central source, and their integrated flux densities (about 3.3 and 2.0 mJy in epoch 2002) have remained nearly constant with time (S. Curiel et al. 2006, in preparation) . There is another peak located '0B5 to the south of the central source that nearly coincides with the center of the expanding spherical bubble of water masers detected with the Very Long Baseline Array (VLBA; Torrelles et al. 2001a; Curiel et al. 2002) . This source will be discussed elsewhere (S. Curiel et al. 2006, in preparation) . We also show in this figure the 1.3 cm and 7 mm images of HW2. The 1.3 cm and 7 mm data trace the inner part of the thermal radio continuum jet. At these wavelengths, the central source appears more compact than at 3.6 cm, elongated in the northeast-southwest direction with two main peaks and some extended emission either to the southwest or the northeast. The two extended, outer components of the radio continuum jet observed at 3.6 cm are not observed at these wavelengths, probably because they are resolved out by the higher angular resolution of the 1.3 cm and 7 mm ($0B08 and 0B05, respectively) observations and the lower sensitivity achieved at these wavelengths. The 1.3 cm images taken in 1995 and 2004 show an extra peak to the southwest from the two main peaks, nearly aligned with the outflow axis and associated with material ejected at different epochs (see discussion below). The 3.6 cm image taken in 1991 shows an extra peak to the northeast also aligned with the outflow axis, but associated with an earlier ejection of material (see discussion below). The 7 mm image, obtained with much higher angular resolution than the maps at other wavelengths, appears more complex, with four main peaks of emission in the northeast-southwest direction, all aligned with the radio continuum jet (see xx 3.1 and 3.2). At this wavelength there is another faint peak to the south ($0B15) that nearly coincides with a second group of water masers observed with the VLBA ( Torrelles et al. 2001b; Curiel et al. 2002) .
Location of the Powering Source
In contrast to the 3.6 cm maps that clearly show the outer components moving away from the central source (see Fig. 1 and discussion below), the two main components in the 1.3 cm maps stay basically in the same position, with some small oscillations around their mean position (see Table 2 ). This striking result implies that these components are not ejections from the powering source. We speculate that they could be associated with the outer part of the cavity evacuated in the infalling gas by the wind, and being shocked by the wind. On the other hand, the third peak toward the southwest observed in 1995 does not appear in the latter observations, which suggests that it was part of the outflow as discussed below. The 7 mm image, which was obtained with a higher angular resolution, seems different from the 1.3 cm images. It has four components along the outflow axis instead of the two or three peaks observed at 1.3 cm. When the 1995 1.3 cm 2, 4, 6, 8, 12,16, 24, 32, 40, 48, 64, 80, and 96 ; 40, 90, 40 , and 50 Jy beam À1 , the rms noise of the maps taken in 1991, 1999, 2000, and 2002 , respectively. The circles indicate the positions of the northeast and southwest knots for the 1999 epoch. The proper motions of these condensations are evident in subsequent epochs. The half-power contour of the beam is shown in each bottom left-hand corner. Right: Radio continuum VLA maps of the high-mass HW2 YSO at 1.3 cm and 7 mm. Contours are À6, À3, 3, 6, 9, 13, 20, 26, 38, 56, 75, 90, 105, and 120 ; 130, 250, 50, and 260 Jy beam À1 , the rms noise of the maps taken in 1995, 1996, 2002, and 2004, respectively and 1996 7 mm maps are overlapped (see Fig. 2 ), two peaks coincide spatially, while two other peaks (one at 1.3 cm and the other at 7 mm) lay outside this central structure and, as discussed below, are most likely associated with ejections from the central source.
There is a fourth peak of emission observed in the 7 mm map that does not coincide with any 1.3 cm peak and lies near the center of the radio continuum jet. In order to see if this component is embedded in the faint extended emission connecting the two main components seen at 1.3 cm, we made new 1.3 cm maps using superresolution by restoring the 1.3 cm maps with a beam of 0B045, about 40% smaller than the original resolution and similar to that obtained at 7 mm. In these new maps there is a faint, compact component that coincides spatially with the 7 mm peak (see Fig. 3 ). We tentatively propose that this peak of emission indicates the location of the powering source. We have used the spatial coordinates of this peak, (J2000:0) ¼ 22 h 56 m 17: s 982 and (J2000:0) ¼ 62 01 0 49B57, with a positional uncertainty of about 0B01, as the reference position for the proper-motion measurements that we present in x 3.2.
Proper Motions
Relative proper motions of the two outer components are evident in Figure 1 . To study in detail these proper motions, we made a linear least-squares fit to the measured relative positions of both components (with respect to the position of the central star; see x 3.1) as a function of time, and the results are presented in Figures 4 and 5, and in Table 3 . The positions of the observed components were obtained from Gaussian fits to the images made with the task IMFIT of AIPS and then by subtracting the position of the central star obtained at 7 mm for epoch 1996 (see x 3.1). For the northeast component we have used the positions obtained for the epochs 1999, 2000, and 2002 (at 3.6 cm), as well as for epoch 1996 (at 7 mm). In the case of the southwest component, we have used epochs 1999, 2000, and 2002 (at 3.6 cm), as well as epoch 1995 (at 1.3 cm). We have also included in these figures the measured positions of the other two components along the outflow, observed at two other epochs (in 1991 at 3.6 cm and in 2004 at 1.3 cm). The large span of time of these observations and large signal-to-noise ratio of the data, as well as the large proper motions of the condensations, allow us to estimate precise proper motions and orientations of these ejections. Furthermore, we find that the expected intrinsic errors of using different calibrators (typically of about 0B05) do not change the present results significantly.
We find that the condensations are moving away from the central source in nearly straight lines (see Fig. 4 ) and with constant velocity (see Fig. 5 ). We do not find any evidence of acceleration or deceleration in a time span of about 11 yr. The proper motions for the northeast and southwest main components are 136 AE 3 and 143 AE 3 mas yr À1 (see Table 3 ), which imply at a distance of 725 pc a velocity in the plane of the sky of $470 AE 10 and b Deconvolved size of the central source at 3.6 cm. c Separation between the two main peaks observed at 1.3 cm and 7 mm (see x 3). d Orientation of the central source at 3.6 cm and P.A. between the two peaks observed at 1.3 cm and 7 mm. e Peak flux density of the central source at 3.6 cm and the northeast component at 1.3 cm and 7 mm, which is the strongest peak at all the observed epochs. f Integrated flux density for the central source at 3.6 cm, 1.3 cm, and 7 mm. 1995 and 1996. Contours are 3, 6, 9, 13, 18, 26, 38, and 56 ; 130 and 250 Jy beam À1 , the rms noise of the maps. Two of the observed peaks at 1.3 cm and 7 mm coincide spatially. There is one peak to the northeast and another peak to the southwest observed at 7 mm and 1.3 cm, respectively, that seem to be gas ejected by the powering source. The extra peak observed at 7 mm, near the center of the main structure, may be associated with the powering star (see discussion). The beam sizes of the 1.3 cm and 7 mm maps are 0B08 ; 0B07 with P:A: ¼ 88N5 and 0B05 ; 0B04 with P:A: ¼ À57N9, respectively.
490 AE 10 km s
À1
, respectively. These tangential velocities are higher than those found at radio wavelengths in low-mass YSOs ($100-300 km s À1 ), such as the powering source of the HH1-2 system and the Serpens radio jet (Curiel et al. 1993 Raga et al. 2000) . These proper motions are also much higher than those found in other outflows in this same high-mass star-forming region, which have velocities of the order of 100-300 km s À1 S. Curiel et al. 2006, in preparation) . The proper motions that we report here are very similar to those found in the powering source of the HH 80/81 system (about 500 AE 120 km s
; Martí et al. 1998) , which is also a high-mass YSO with a similar bolometric luminosity ($2 ; 10 4 L ). We find that the spatial velocity of the outflow is between 525 and 650 km s À1 when we take into account the correction inferred from the inclination angle of the circumstellar disk (62 AE 10 ) associated with this high-mass protostar (Patel et al. 2005) .
In order to find the time at which the ejections occurred, we have assumed that the condensations were ejected from the same location within the central source. We find that the best fit to the data is obtained when using the position of the 7 mm condensation, which we propose marks the position of the powering star. Extrapolating back in time and assuming constant velocity (see Figs. 4 and 5), we estimate that the ejections of the northeast and southwest components took place in 1995:6 AE 0:2 and 1993:8 AE 0:2, respectively. Furthermore, there are other condensations along the radio continuum jet (see Fig. 1 ), observed at 3.6 cm in 1991 and at 1.3 cm in 2004, that seem to have been ejected at an earlier or later time, respectively (see Fig. 5 ). Assuming that this , À3, 3, 6, 9, 13, 20, 26, 38, and 56 ; 170, 250, 53, and 330 Jy beam À1 , the rms noise of the maps taken in 1995, 1996, 2002, and 2004, respectively high-mass YSO undergoes major ejections of material every 1.85 yr (the span of time between the two major ejections that we are reporting here), we find that the other two outflow components observed at 3.6 cm in 1991 and at 1.3 cm in 2004 were ejected around 1988.2 and 2003.0, respectively. Interestingly, by subtracting two 6 cm images taken in 1990 March 13 and 1991 July 6, Rodríguez et al. (2001) concluded that this YSO had a major bipolar ejection of gas in 1989:4 AE 0:2 and that the observed components were moving away from the central source with a tangential velocity of 950 AE 150 km s
. Their second 6 cm epoch and the 3.6 cm map in Figure 1 were obtained simultaneously, and thus the observed condensations are most likely the same. However, the condensation seen in the 3.6 cm map is not evident in the 6 cm map due to a coarser angular resolution. Their estimate for the time of the ejection 1989:4 AE 0:2 lies between two ejection epochs proposed here, 1988.2 and 1990.1 (see Fig. 5 ). In addition, the tangential velocity that they estimate for the 1989.4 ejection is about a factor of 2 larger than those found here for subsequent ejections in 1993.8 and 1995.6 ('480 km s
). Such a difference in velocity, if significant, would suggest that the ejection velocity of the condensations may be varying with time. However, the fact that we find similar tangential velocities for the 1993.8 and 1995.6 ejections suggests that the velocity of the ejections does not change considerably with time. The difference between these two independent propermotion measurements is probably due to the small span of time (and thus large errors) between the two 6 cm observations and the coarser angular resolution used by Rodríguez et al. (2001) .
Physical Properties of the Radio Jet
The physical properties of the radio jet can in principle be obtained from the flux density and the size of the radio continuum emitting regions, assuming that they are fully ionized, with a temperature of 10 4 K, and that the radio continuum emission is optically thin. Under these assumptions we estimate an electron density of about (3 5) ; 10 4 cm
À3
, a mass of $10 À7 M , and a recombination time of about 3 yr for the ionized lobes. On the other hand, assuming a freely expanding biconical wind, the electron density in the HW2 ionized wind can be estimated by n e () 10 4 cm À3 ¼ 8:79Ṁ
where n e () is the electron density in the jet at an angular distance from the source,Ṁ j is the total mass-loss rate of the source, d is the distance to the source, op is the opening angle of the radio jet, v j is the velocity of the wind, and is the mean atomic weight per electron. Then, the expected electron density at the distance of the radio lobes ($0B7 or 507.5 AU ) is $1:0 ; 10 4 cm
, for a biconical stellar wind with a velocity of 500 km s
À1
, an opening angle of 20 (see x 3.4), and a total mass-loss rate of $6 ; 10 À7 M yr À1 (including both sides of the outflow). This electron density is several times lower than that estimated for the radio lobes. This result suggests that the observed lobes are produced by velocity perturbations in the stellar wind, similar to those proposed to explain the knots along the HH jets associated with low-mass YSOs (Raga et al. 1990) .
Given that the radio lobes did not change substantially between 1999 and 2004 (see Fig. 1 ) and that their estimated recombination time is of only $3 yr, additional excitation seems necessary to maintain the lobes ionized for larger spans of times. Such excitation can in principle be provided by internal shocks, produced by velocity perturbations in the stellar wind, which produce the observed density enhancement and can survive several years before they fade away. In addition, the ionizing photons provided by the star, and that escape through the cavity carved by the outflow itself, can keep the gas photoionized at relatively large distances from this high-mass star. In fact, we find that less than 2% of the ionizing photons produced by the star and that travel through the lobes are necessary to maintain photoionized the gas in the outer condensations. In addition, Figure 1 shows that there is some faint, extended emission connecting the central source and the outer lobes and that extends farther out, which could be associated with the photoionized wind. Then, it seems plausible that the outer condensations will stay photoionized by the star for several more years before the expanding gas recombines and becomes neutral.
Assuming that the radio lobes are sections of a biconical ionized outflow moving away from the central source with a velocity of 500 km s À1 (the observed tangential velocity of the lobes) and using the estimated mass for the northeast and southwest lobes, we obtain that the mass-loss rate carried by these mass ejections is about 2 and 5 ; 10 À8 M yr À1 , respectively. On the other hand, the mass-loss rate of this YSO, obtained by using the parameters of the central source (assuming a jetlike morphology) is about 6 ; 10 À7 M yr
, which is about an order of magnitude higher than the estimated total mass-loss rate carried away by these ejections ($7 ; 10 À8 M yr À1 ). This result also suggests that the observed radio lobes are velocity perturbations traveling along the stellar wind, and that the observed lobes are only a small fraction of the conical outflow.
The momentum rate injected by the highly collimated jet into the surrounding medium is $3 ; 10 À4 M yr À1 km s
. This momentum rate is about an order of magnitude lower than the momentum rate derived from the CO [$ 0:4 ] molecular outflows ( Hayashi et al. 1988; Narayanan & Walker 1996; Gómez et al. 1999) . Thus, it appears that the HW2 radio jet does not have enough power to drive by itself the complex molecular outflow in the region. This indicates that the complex molecular outflow could be the superposition of multiple collimated outflows driven by some of the YSOs in the region.
The Origin of the Asymmetry in the Radio Jet
The northeast and southwest components are moving away from HW2 in nearly opposite directions and with similar proper motions. However, the P.A. of the northeast and southwest lobes (P:A: ¼ 50 AE 1 and 222 AE 1 ; see Table 3 ) are not exactly antiparallel. In this section we discuss two possible scenarios that can in principle explain the asymmetry observed in the two radio lobes. First, we argue that the asymmetry of the lobes could be due to proper motions of the star. Second, we argue that the observed velocity and orientation asymmetries in the lobes could be intrinsic to the source and due to temporal variations in both the wind velocity and the direction of the ejections.
Proper Motions of the Star and Free-moving Ejections
The measured difference of about 8 could be explained if the ejections of gas are bipolar, in opposite directions and moving freely through the ambient molecular gas (i.e., the resistance by the ambient gas is negligible), and they occur while the YSO is moving to the southeast. These assumptions seem adequate, since the condensations appear to be moving away from the star within the stellar wind. Thus, if we assume that the observed difference between the right ascension ([R. A.] ) seems to be similar, given the estimated errors, to those found in YSOs in low-mass forming regions (about 15 km s À1 ; e.g., Curiel et al. 2003; Rodríguez et al. 2003) . Such a transverse velocity of HW2 could in principle be observed with high angular resolution observations taken several years apart. Figure 3 shows a small offset ( 0B05) between the maps taken in 1995 and 1996 and those taken in 2002 and 2004 that could be associated with proper motions of HW2. However, this possible offset is smaller than that expected in a span of time of about 7 yr ($0B07), and it could also be due to the expected intrinsic errors of using different calibrators (typically of about 0B05). Further observations will be necessary to confirm if HW2 has proper motions with the inferred magnitude and orientation.
If we now assume that the outer condensations interact with the ambient molecular gas, as they move away from the central source, the observed bending of the jet could still be explained if the star moves to the southeast while ejecting material in opposite directions, similar to the freely moving case. However, in this case, the ejecta moving away from the source would be forced to slow down, due to its interaction with the gas in the dense core, while the YSO is moving toward the southeast. Thus, the main observational differences between this case and the freely moving case would be, first, that the velocity at which the condensations are ejected is larger than that measured with the present data, and second, that we should expect to see a deceleration in the lobes as they move through the high-density molecular core and away from the central star. However, as discussed in x 3.2, we do not find any evidence of acceleration or deceleration in a time span of about 11 yr. Thus, it seems more likely that the condensations move freely along the outflow and without interaction with the high-density ambient gas.
Finally, such large proper motions for HW2 would imply that the molecular cloud is also moving in a similar direction and with a similar velocity, or that this source has a large peculiar velocity. We estimate that the expected proper motions of a source at the location of Cepheus A due to the solar peculiar motions and the Galactic differential motions are about 2 mas yr À1 to the south, which is too small to explain the bending of the jet. In addition, the Hipparcos catalog shows that the visible stars in the OB association in the molecular cloud complex Cepheus OB3, to which Cepheus A belongs, within several degrees from HW2, have apparent proper motions between 2 and 6 mas yr À1 (or between 7 and 20 km s
À1
) and with orientations mainly to the southwest (de Zeeuw et al. 1999 ), but with a large dispersion. These apparent proper motions are similar to those required for HW2 to explain the misalignment observed in the lobes of this radio jet. However, the orientation of the proper motions of the stars in the OB association is mainly to the southwest, while the required orientation is to the southeast. This makes it unlikely that the observed bending of the radio jet could be due to a possible peculiar velocity of the powering star.
A Precessing and /or Nutating Powering Source?
A second scenario to explain why the northeast and southwest radio continuum lobes are not completely antiparallel would be that the gas ejections of this YSO are bipolar but intrinsically in slightly different directions and with slightly different velocities. A closer look at the multiepoch maps shows that the orientation of the central source seems to change with time. The position, peak flux, and integrated flux density, as well as the Gaussianfitted size and P.A., of the central source at 3.6 cm are listed in Table 2 . For comparison, we also include in this table the measured separation and orientation between the two main peaks observed at 1.3 cm and 7 mm. The central source has a similar size at 3.6 cm in the different epochs, except for the 1991 epoch, where the measured size of the source may be affected by ejections emerging from the source (see Fig. 1 ). The separation between the two main peaks at 1.3 cm appears nearly constant at all the observed epochs. On the other hand, the P.A. of the central source at 3.6 cm seems to have decreased with time (about 10 ) from 1991 to 2002. A similar trend is observed in the 1.3 cm maps, where the P.A. of the line joining the two main peaks also seems to have steadily decreased with time (about 10 ) from 1995 to 2002, except for the last observed epoch (1.3 cm in 2004), when the P.A. increased substantially from the previous observed epoch by about 8 (see Table 2 ). At 3.6 cm, the central source appears elongated, having a deconvolved size of $0B4 ; 0B07, with a mean P.A. of '41 (see Table 2 ). Thus, the source has an elongation ratio of about 6 (or even larger; see Table 2 ) and an opening angle (for a jetlike morphology) of about 20 . The measured size at 3.6 cm of '0B07 for the minor axis of the central source suggests that collimation is present on scales of '50 AU (for a distance of 725 pc). In addition, the measured P.A. of the major axis of the source (between 47 and 36 ) is not aligned with the proper motions of the outer components (P:A: ¼ 50 AE 1 and 222 AE 1 ; see Table 2 ). All these characteristics are similar to those found in the driving sources of several low-mass YSOs, such as those of the HH 1-2 system (Rodríguez et al. 1990 ), the HH 111 system (Reipurth et al. 1999) , and the Serpens radio jet (Curiel et al. 1993) , where it has been argued that the misalignment between the orientation of the powering source and the outflow could be due to the source precessing and /or nutating because of a close companion. The individual maps show evidence of wiggling along the jet axis (see, for instance, the 1.3 cm maps in Fig. 1 ), which also suggests that the powering source could be precessing and /or nutating. In this case, there are two sources about 0B15 and 0B5 to the south of HW2 (see Figs. 1 and 3 ), but it is not clear if they could be gravitationally bound. In summary, we conclude that the remarkable characteristics of the HW2 radio jet (different orientations and velocities of the lobes, as well as the changing orientation of the central source) can be explained by a precessing and/or nutating powering source.
FINAL REMARKS
Finally, HW2 also has some characteristics that are very different from those found in low-mass YSOs. The tangential velocity measured in this radio jet ($500 km s
À1
) is significantly larger than those found in low-mass YSOs ($100-300 km s
). The observed flux densities of HW2 (for instance, $7 mJy at 3.6 cm and $40 mJy at 1.3 cm) are much higher than those found in low-mass YSOs (up to a few millijanskys at both wavelengths), even without taking into account that the distance to Cepheus A (725 pc) is much greater than the typical distance to low-mass protostars (100-150 pc). The spectral index of HW2 at centimeter wavelengths is consistent with that expected from a photoionized stellar wind ( ¼ 0:6), while those measured in low-mass stars are consistent with either optically thin thermal free-free emission ( ¼ À0:1) or partially thick thermal freefree emission (typically $0.2). The water masers in this source are among the most luminous found in star-forming regions, and they are distributed in a flattened structure, probably delineating a circumstellar disk. In addition, the bolometric luminosity of this source (2:5 ; 10 4 L ; about half of which seems to be associated with this protostar) is much higher than those of low-mass YSOs (up to a few tens of L ). All these characteristics are consistent with HW2 being a high-mass YSO. In particular, the double peak observed in this powering source at different wavelengths has not been observed so far in any low-, intermediate-, or high-mass YSOs.
CONCLUSIONS
We present results of high-sensitivity, multifrequency VLA radio continuum observations of the high-mass young stellar object HW2 in the Cepheus A high-mass star-forming region. These observations have shown that this radio source exhibits a bipolar, jetlike morphology with condensations of emission along both sides of the jet. These observations, taken during a time span of about 13 yr, have shown that the two main condensations along the radio continuum jet are moving away from the central source with about the same tangential velocity and in nearly opposite directions. The difference in direction and velocity of the northeast and southwest lobes, as well as the observed change in orientation of the central source, appear to be consistent with the powering source HW2 undergoing precessing and/or nutating motions. In addition, the present data indicate that the two condensations moving away from the central source were ejected at different times, which suggests that this YSO undergoes episodic and asymmetric ejection of material. In particular, the results indicate that HW2 underwent two major episodes of ejection separated by 1.85 yr. Finally, we propose that one of the condensations seen at the observed highest angular resolution marks the spatial location of this young high-mass star.
